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Abstract
We explore the postulates of string no-scale supergravity in the context of
free-fermionic string models. The requirements of vanishing vacuum energy, at
directions of the scalar potential, and stable no-scale mechanism impose strong
restrictions on possible string no-scale models, which must possess only two or
three moduli, and a constrained massless spectrum. All soft-supersymmetry-
breaking parameters involving untwisted elds are given explicitly and those
involving twisted elds are conjectured. This class of models contain no free pa-
rameters, i.e., in principle all supersymmetric particle masses and interactions
are completely determined. A computerized search for free-fermionic models
with the desired properties yields a candidate SU(5)  U(1) model, and evi-
dence that all such models contain extra (10,10) matter representations that
allow gauge coupling unication at the string scale. Our candidate model pos-
sesses a novel assignment of supersymmetry breaking scalar masses which gives
vanishing contribution to the extra (10,10) scalar masses, and may have inter-






Experiments at LEP and the Tevatron have given the strongest to-date support to
the Standard Model of the strong and electroweak interactions. Yet despite all this
experimental evidence, physicists believe that this model is incomplete. One possible
completion of the Standard Model is embedded in the physics of supersymmetry. In
fact, the same experimental evidence conrming the Standard Model, can also be used
to support its supersymmetric extension. This can be seen through the unication
of the gauge couplings at very high energies in supersymmetric models, but perhaps
more pervasively from the fact that supersymmetric models have built-in mechanisms
that make them look almost identical to the Standard Model at presently available
facilities. This extreme similarity with the Standard Model occurs at the tree-level
for energies below the threshold for production of supersymmetric particles, and also
at one-loop if the supersymmetric mass scales exceed the electroweak scale. This
similarity is not totally devoid of predictivity, since in supersymmetric models the




). In view of these facts,
attention has turned strongly towards supersymmetric models, in particular those
that can be understood as low energy limits of more fundamental theories, such as
grand unication, supergravity, and superstrings. These models are highly predictive,
with all supersymmetric physics typically dependent on four or less parameters.
Four-parameter supersymmetric models are obtained as low-energy eective
supergravity models with assumed universal soft-supersymmetry-breaking terms: the
scalar mass (m
0
), the gaugino mass (m
1=2
), the trilinear scalar coupling (A), and (at
low energies) the ratio of Higgs vacuum expectation values (tan ). Most phenomeno-
logical analyses are content with exploring such a four-dimensional parameter space.
However, theoretically speaking it is not clear that all possible combinations of these
parameters are consistent, since in a specic supergravity model, i.e., one specied by





can be explicitly calculated in terms of the gravitino mass (m
3=2
). Guidance in this
matter has come from string-inspired choices for G and f , which lead to simple val-






, and thus to two-parameter supersymmetric
models.
Despite this great reduction in the model parameters, several questions remain
unanswered: (i) can one construct an explicit string-derived model where the various
ratios of soft supersymmetry breaking terms are calculated, and at the same time
the usual low-energy phenomenology is explained? (ii) does this model possess a
suciently suppressed cosmological constant? (iii) how is the scale of supersymmetry
breaking (m
3=2
) determined in such model? This model would be a \no-parameter"
model.
No-scale supergravity [1] provides satisfactory answers to the latter two ques-
tions, i.e., vanishing cosmological constant (at the tree level) and dynamical determi-
nation of m
3=2
via the no-scale mechanism. String no-scale supergravity is postulated
to be the subset of string models which can provide satisfactory answers to all three
questions. In practice, it is seen that most known string models do not obey the
1
postulates of string no-scale supergravity. This fact leads us to believe that perhaps
there is a new symmetry of string theory which disallows vacua which do not obey
these postulates. It would certainly be very interesting to investigate whether such
symmetry indeed exists.
Our purpose in the present paper is to explore the postulates of string no-scale
supergravity in the context of fermionic string models. Our investigations lead to a
set of constraints on the spectrum and interactions in realistic string models, as well
as to novel predictions for the soft-supersymmetry-breaking parameters. We are also
able to provide an existence proof that realistic string no-scale supergravity models
do exist. A search for models of this type with the gauge group SU(5)U(1) turns up
a rather interesting phenomenon: among the class of models which we have explored,
a necessary condition to satisfy the postulates of no-scale supergravity appears to
be the existence in the spectrum of extra (10,10) matter representations that allow
gauge coupling unication at the string scale. Moreover, these extra representations
have no supersymmetry breaking mass splitting.
This paper is organized as follows. In Sec. 2 we summarize the postulates of
no-scale supergravity and the no-scale mechanism. In Sec. 3 we discuss the Kahler
potential and the superpotential in free-fermionic string models, and compute the
vacuum energy, and the quantity StrM
2
. We also discuss the conditions under which
these quantities would vanish, as required in no-scale models. In Sec. 4 we compute
the soft-supersymmetry-breaking parameters, including the Goldstino composition,
the gaugino and scalar masses and the A terms. We also discuss the origin of the 
term and the associated parameter B. In Sec. 5 we discuss the normalization of the
elds and how these aect the observable Yukawa couplings. In Sec. 6 we perform a
search for realistic string no-scale free-fermionic models, and present evidence for the
conjecture mentioned in the previous paragraph. We also study the supersymmetry-
breaking parameters in the candidate model found. Finally, in Sec. 7 we summarize
our conclusions, and in Appendix A we collect some details about the transformation
between the string and supergravity bases.
2 No-scale supergravity
A supergravity theory is specied by two functions, the Kahler function
G = K + ln jW j
2
; (1)
where K is the Kahler potential and W the superpotential, and the gauge kinetic
function f . All masses and interactions are explicitly calculable from these inputs.
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; (2)




























second term in Eq. (2) is the contribution from the D-terms; we will assume in what
follows that this vanishes at the minimumof the potential. The scalar potential is used
to determine the vacuum, its energy, and any at directions it may have. Also, small
deviations around it determine the supersymmetry-breaking masses and couplings
of the scalar elds. Finally, derivatives of the gauge kinetic function determine the
supersymmetry-breaking gaugino masses.















This relation shows that supersymmetry breaking can only occur if hW i 6= 0. All soft-
supersymmetry-breaking parameters are proportional to m
3=2
, with typically O(1)
coecients of proportionality. Therefore, m
3=2
values are expected to be not much
higher than the electroweak scale. Moreover, restoring the dimensions in Eq. (3) one
sees that the right-hand-side has units of 10
18
GeV and therefore a strong suppression
of e
K=2
or hW i is typically necessary. Two scenarios for hW i 6= 0 have received the






; and string tree-level breaking via coordinate-dependent compactica-
tions [3], giving W  1.
No-scale supergravity is dened by three constraints on a supergravity model:
 The vacuum energy vanishes (V
0
= hV i = 0) by suitable choice of the Kahler
function (G) [4].
 At the minimumof the potential there are at directions (\moduli") which leave
the value of m
3=2
undetermined [5].
 The quantity StrM
2
should vanish at the minimum. This constraint pro-
tects the potential from large one-loop corrections which would otherwise force
m
3=2





These three constraints impose severe restrictions on the possible G and f functions.





, with [5, 6]









































If the above three conditions are satised, the low-energy theory, obtained by
renormalization-group evolution from the Planck scale down to the electroweak scale,
will be undetermined to the extent that m
3=2
is undetermined, as it depends on the




) then depends on the usual Higgs elds, as well as the moduli
elds. The no-scale mechanism [7] consists of minimizing this potential with respect
to all these elds, thus determining the Higgs and moduli vacuum expectation values.
The thusly determined moduli VEVs then determine m
3=2
, and therefore all of the
supersymmetry breaking masses.
The no-scale mechanism has an additional unsuspected consequence: it may
solve the strong CP problem [8]. Indeed, the equally undetermined imaginary parts
of the moduli elds leave the 
QCD
parameter undetermined, i.e., the potential in the
imaginary directions is also at.
1
According to the usual argument, non-perturbative
QCD dynamics at low energies determines 
QCD
= 0, which in our language corre-
sponds to lifting the imaginary at directions, giving zero VEVs to the corresponding
elds.
In practice, this procedure is subtle and complicated by the existence of a




needs to be added to the low-energy eective potential to ensure its renormalization-



























is tree-level Higgs potential. It is worth mentioning that just as the
usual radiative breaking mechanism (i.e., minimization of V
eff
with respect to the
Higgs elds) does not always work, the no-scale mechanism may also not work. This
happens when the eective potential does not have a good minimum in the moduli
directions. In the case of a single modulus eld (as we discuss below), it can be shown
that a necessary condition for a good minimum is StrM
4
> 0 [12]. If the explicit
m
3=2
-dependent contribution to StrM
4











which imposes restrictions on the allowed low-energy parameter space.
3 Fermionic string models
The discussion in the previous section can be applied to any supergravity or super-
string model. However, the requirement of StrM
2
= 0 can only be investigated if the
full spectrum of the model is known, as in string models. We are interested in explor-
ing the three postulates of string no-scale supergravity in the context of string models
built within the free-fermionic formulation [13]. Our motivation for such choice is that
fairly realistic models already exist in this construction [14, 15, 16, 17], and we would
like to know whether this class of models satises the postulates or what constraints
may need to be imposed on model-building so that these postulates are satised.
1
This is certainly the case at tree-level in the Kahler potential and for moduli-independent Yukawa
couplings. In free-fermionic models, moduli dependence of the superpotential does not arise until
the quartic order [9].
4
3.1 Generalities
All of the level-one free-fermionicmodels built to date have been based on the simplest
supersymmetry-generating basis vector S. This choice is not unique, but should suce
for our present purposes of investigating the viability of no-scale supergravity in free-
fermionic models. In this class of models, all states in the spectrum fall into three
sets, depending on the quantum numbers they carry with respect to some internal
symmetries of the two-dimensional world-sheet theory [18]. The spectrum further
divides itself into two sectors: untwisted and twisted. More specically, all matter
elds carry charges under three world-sheet U(1) currents. The sum of these three
currents provides the additional current which extends the manifest N = 1 world-
sheet supersymmetry to N = 2 world-sheet supersymmetry [18], as required for N = 1
space-time supersymmetry to exist. The scalar components of untwisted (or Neveu-
Schwarz) matter superelds carry one of three possible sets of charges, and so do
twisted matter superelds, i.e.,
Untwisted Twisted
































From these charge assignments it follows immediately what kind of cubic superpo-
tential couplings are allowed in a model. Indeed, the sum of the charges of the three










g, since a cubic coupling contains two fermionic and one scalar





















I 6= J 6= K
(10)
where I; J;K = 1; 2; 3 refer to the set the eld belongs to.
Several features of the Kahler function for the untwisted sector of such models
had been known for some time [19], and have been recently further claried, extended,
and applied to specic models in Ref. [20]. The corresponding contributions from the
twisted sector are only known for simple models [21]. Abstracting all that is known
about free-fermionic models, we write
























































) are understood. (The twisted sector contribution K
TS
will be
addressed below.) The Kahler function in Eqs. (11),(12) is written in the \string ba-
sis". For purposes of low-energy eective supergravity analyses, it is more convenient
to make suitable eld redenitions of the 
i
to exhibit the moduli elds that may
be present in the spectrum, i.e., to go from the \string basis" to the \supergravity
basis". In the class of fermionic models which we consider here, three possibilities for
the untwisted moduli space of any of the sets were identied in Ref. [20]:
(i) [SU(1; 1)=U(1)]
2
, with two moduli elds denoted by T;U (a \T;U set").
(ii) SU(1; 1)=U(1) with one modulus eld denoted by  (a \ set").
(iii) No moduli at all (an \ set").
Whichever of the three possibilities may be realized for a given set depends on the
choice of basis and GSO projections of the fermionic model. In what follows, if a set
has any modular symmetry at all, we perform a eld redenition of the elds in that
set which leaves the Kahler function (G) unchanged. (Details of these manipulations





























 2, since two of the 
i
are transformed into the moduli T;U . The
scalar elds parametrize the Kahler manifold SO(2; 2 + n

)=SO(2)  SO(2 +
n






K =   ln
"





















  1, since one of the 
i
is transformed into the modulus  . The






which has as a subspace the moduli space SO(2; 1)=SO(2)  SU(1; 1)=U(1).
The modular symmetries exhibited above are extended from the Kahler po-
tential (K) to the whole Kahler function (G = K + ln jW j
2
) by means of the matter
eld modular transformations in the superpotential. This issue has been discussed
in detail in Ref. [20] and will not be repeated here. All we need to know is that the
2
We note that in the old no-scale models [5], the Kahler potential was assumed to be of the form










), which yields the metric of the space SU (1; n
C
+ 1)=U (1) SU (n
C
+ 1).






superpotential does not depend on the moduli elds.
3
The twisted sector contribu-
tion to the Kahler potential (K
TS
) is only known for models with a specic type and
























are twisted sector elds that belong to the rst set, and K
(2;3)
are given




are invariant under such transformations. In the language of
Ref. [20], these \simple" models do not include \"-type vectors in the free-fermionic





models, or \realistic" models, since all known sensible models include such vectors in
their bases. Moreover, we conjecture that, unlike the case of \simple" models, K
TS
in the case of \realistic" models may break explicitly the modular symmetry of the
untwisted sector elds. This would imply that some presumed untwisted moduli will
not be really moduli, once the whole theory is considered. A signal of a breaking of
the untwisted modular group will be the appearance of superpotential couplings of
the presumed moduli with twisted sector states. Therefore, in what follows, when
discussing the number and type of moduli and their impact on the vacuum energy
and other properties of the models, we refer to elds which have been indentied as
untwisted moduli and that have no superpotential couplings.
3.2 Computation of V
0





i.e., the transpose of the inverse of the matrix of second derivatives of the Kahler
potential. The computation is simplied by the fact that the whole set of elds




















































































This is true at the cubic level. At quartic and higher levels dependence on the moduli enters
through powers of the Dedekind eta function [9].
4
We neglect the twisted sector contribution to the Kahler potential (K
TS
). From Eq. (15) one














































































is meant to represent however many -set contributions may exist in a
given model. Also, 
f
= 1 indicates that W does not depend on S, whereas 
f
= 0












lnW are collectively denoted by











  3] ; (22)
with h
i
i = 0, h@
I












In view of Eq. (22), there are only two choices for the untwisted modular











1 1 0 2





Note that the dilaton is required to be a modulus eld, and that only one set con-
tributes moduli elds. If these requirements are satised, we would obtain a model
with zero vacuum energy and at directions, thus satisfying the rst two no-scale

























































for each of the two cases in Eq. (23), and is undetermined as anticipated. In these








3.3 Computation of Q
We now compute Q using the formula in Eq. (4). The basic quantity to be computed














Since F (@ lnW ) is generally a complicated expression, it may be possible to nd special minima
for particular non-zero values of h@
I








> 0 [5], and therefore h@
C
i
lnW i = 0 is required.
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With the above observation, the quantity that appears in Q can be readily obtained:






















, and these quantities have been given




































(suitable for level-one Kac-Moody constructions), and neglecting













dimension of the gauge group (d
f































The total contribution to Q is then































where the terms are displayed in correspondence with those in Eq. (4), and Q
TS
is the

























" is meant to represent the sum of the untwisted elds in the two sets
which do not contain moduli.
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= 12, although in realistic
models we expect a number signicantly exceeding this lower bound since, e.g., the
hidden sector gauge group needs to be large enough for supersymmetry breaking via
gaugino condensation to occur at a suciently high scale; a typical value would be
d
f
 O(50   100). These estimates indicate that Q
TS
> 0 appears to be a necessary
condition in models with Q = 0.
One can provide an educated guess as to the contribution to Q from the twisted
sector in the case of \simple" models, for which Eq. (15) holds. We start by rewriting
























which exhibits the untwisted matter eld contributions to Q in the rst three terms.
Note that each  or  eld contributes  1 to Q, whereas each  eld contributes
+1. Morever, these unit contributions are just 1 + , where  is the sum of the
modular weights of the corresponding elds with respect to the moduli in the set
they belong to [20]. This result agrees with the discussion in Ref. [6]. We expect a
similar result to hold for the twisted sector elds, which would then simply contribute
to Q
TS
according to their modular weights. Twisted sector modular weights have not
been calculated rigorously in fermionic models, although it has been argued [24] that
they should be no dierent than their untwisted sector counterparts. Thus, we guess
that the eect of Q
TS














Since in fermionic models most of the massless elds belong to the twisted sector, it
is conceivable that Q = 0 could be obtained.
4 Soft-supersymmetry-breaking parameters
With the knowledge of the Kahler function, the scalar potential, and the gauge ki-
netic function one can compute the usual soft-supersymmetry-breaking parameters
on which the low-energy model predictions depend so crucially.
4.1 Goldstino composition
Before we proceed with these calculations, it is instructive to determine the eld
dependence of the goldstino eld, which has received considerable attention in \model-
independent" approaches to this problem. The goldstino, which is eaten by the













are the fermionic partners of the scalar elds which appear in the scalar








derivatives, for present purposes it suces to approximate the




elds have vevs much





















































These results can be substituted back into Eq. (36) to obtain . The nal step is to
express the 
I





entails a rescaling of the elds which will be discussed in detail in the following section.

























































h +  i
: (41)
































































Thus, we get a goldstino eld which contains substantial components of both \dilaton"
and \moduli". Note that, in principle light matter elds also appear, although their























where the sum over I runs over all matter elds which f
a
depends on. For f
a
we use




























where the level of the Kac-Moody algebra is one (k
a
= 1), and  is the Dedekind
eta function. Also, B
a
is a quantity which depends on the massless sector of the
11
theory and their modular weights, as well as on the coecient 
GS
which arises in the
Green-Schwarz modular-anomaly cancellation. For our present purposes, a detailed
specication of B
a




in the expression for M
a


















(T ) = G
2
(T )   2=(T +

T ), and the Eisenstein function G
2
is related to the
Dedekind function via G
2
(T ) =  4@
T





zeroes at T = 1; e
i=6
.





























































































































For the two cases in Eq. (23), the tree-level contribution to M
a
is non-zero and










The (un-normalized) scalar masses are obtained by taking second derivatives of the
scalar potential. These masses have two sources: \supersymmetric" masses from the
superpotential, and supersymmetry-breaking masses from the Kahler potential. The




term in Eq. (16) matters). We see that neither the 
i

















represents the supersymmetry-breaking contribution to the mass of the
scalar eld f . On the other hand, the 
i









In other words, untwisted sector elds in sets with moduli receive no (tree-level)
supersymmetry-breaking masses, whereas those in sets with no moduli receive a uni-
versal mass equal to the gravitino mass. Obviously, it also follows that the moduli
are massless (including the dilaton since 
f
= 1 is required).
Without an explicit form for the twisted sector contribution to the Kahler
potential we cannot give precise results for the supersymmetry-breaking scalar masses
of those states. However, we can again provide an educated guess following a line of
reasoning similar to that given in the previous section when discussing the possible
value of Q
TS
in realistic models. We guess that all elds, untwisted or twisted, in
the same set will receive the same supersymmetry-breaking scalar mass, according
to Eqs. (51),(52). This is because we expect all elds in the same set to have the
same modular weights, and scalar masses can generally be expressed in terms of these
weights.
Assuming our conjecture regarding the twisted sector scalar masses is cor-
rect, one appears to obtain models which have two sets with universal non-vanishing
supersymmetry-breaking masses and one set (the one with the moduli, according the
Eq. (23)) with vanishing masses. This peculiar situation is likely to be an impor-
tant model-building constraint, given what we know about needed near-degeneracies






mixing and leptonic avor-changing decays like  ! e strongly constrain the mass
dierences for squarks and sleptons of the rst two generations with the same electric
charge but of dierent avor [26]. The scenario which appears to emerge in string
no-scale supergravity seems to explain this phenomenological requirement naturally:
one would assign the rst two generations to the two sets with no moduli; the third


































= 0 or m
3=2
(54)
This otherwise o-the-wall scenario may have novel low-energy consequences.
4.4 A terms







lnW (plus hermitian conjugate) of the scalar potential in Eq. (16).
Also, for the untwisted matter elds the K
I
inputs are given in Eqs. (45){(48). Of
the three kinds of cubic superpotential couplings in Eq. (10), here we can address the








is an untwisted matter eld that belongs to the I-th set. For the two cases which
are consistent with V
0













































W () is the superpotential written in terms of the properly
normalized elds, as discussed in the next section. Thus we conclude that for cubic
















therefore A = 0.
4.5  and B
The possible origin of the low-energy Higgs mixing parameter  (and its associated
supersymmetry-breaking bilinear coupling B) has been discussed in the literature for
some time. It is well-known that this term (h

h) must be present in the superpo-
tential, and have a magnitude comparable to all other dimensional parameters of the
low-energy theory. In the framework of string theory, where explicit mass parame-
ters are not present in the superpotential, the nature of the  term is particularly
intriguing. Three scenarios have been put forward:
 The low-energy theory possesses an additional singlet eld (N) which couples
to the two Higgs doublets (Nh

h) and gets a vacuum expectation value which
eectively produces  =  hNi [27]. Even though such couplings proliferate in
fermionic string models, in all known instances the singlet elds are heavy and
decouple from the low-energy spectrum.
 The quadratic  term arises as an eective non-renormalizable fourth- (or









h whereM  10
18
GeV



















GeV which is typical of hidden sector matter condensates in
string models.
 The quadratic  term is built into the theory through the Kahler potential, and
becomes non-zero and of O(m
3=2
) upon supersymmetry breaking [19, 29, 6].
In the context of free-fermionic models, the lack of feasibility of the rst mechanism
and the viability of the second have been addressed elsewehere. Here we study the
third mechanism.
For the possible untwisted matter elds, Eqs. (13),(14),(12) give their contri-
bution to the Kahler potential. In the small-matter-eld vev expansion, the contri-
butions to K are approximated by
T;U set : [K]
(T;U)





















 set : [K]
()
































where Z is a function of the moduli, then one eectively has a new contribution



























At rst sight, the expressions in Eqs. (57){(59) do not appear to contain any of the







linear combinations of the actual string elds [20]. For instance, the untwisted Higgs
pentaplets in SU(5) U(1) string models in a given set (h;

h) are related to, say the
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= 2( +  )
 2


















= 1, and again the same result holds. We conclude that if the Higgs





Higgs elds from dierent untwisted sets do not mix. This result may even hold for
the twisted sector, in which case we would conclude that this mechanism of obtaining
a Higgs mixing term only works if both Higgs elds belong to the same set.







. For Higgs elds in a T;U or  set, K
h
=  h, whereas for an  set
K
h
= +h. The result for B is then
h;











h in  set : B = +2m
3=2
: (65)
5 Field normalizations and Yukawa couplings
The superpotential couplings in free-fermionic models are easily calculable in the
string basis. Moreover, in specic models the fermion Yukawa couplings have led
to structures which bear close resemblance to the observed hierarchical fermion mass
6
Throughout our discussion in this subsection, h and

h are not complex conjugates of each other,








spectrum. On the other hand, results about the Yukawa couplings in the string model
are not necessarily directly related to those which would be observed at low energies.
The possible snag lies in the normalization of the elds in the supergravity lagrangian.













If the Kahler potential (K) is non-trivial, then the scalar elds would need to be
normalized appropriately. If this eect propagates to the Yukawa couplings, the
physical ones may dier from those naively expected.













































































is obtained, one can
determine the physical Yukawa couplings (which couple properly normalized elds)







































Calculating the square root of a matrix can be a complicated task. Before we
attempt this, it is quite illuminating to consider the limit of small matter eld vevs,










 diag [(T +
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is a vector with n unit entries.
As an example, let us study a typical all-untwisted superpotential coupling,




























where we have used the result g
2
= 1=Re S. The same result is obtained for a 
type coupling. We conclude that all-untwisted Yukawa couplings are independent of
the usual moduli,
7






Our assumption that theK
 1=2
matrices are nearly diagonal can be justied by
studying some simple cases where the calculation can be done exactly. For instance,
let us take a  set with n
 






































where a =  +  , b =  +

















































= h +  i ! 0. However, the exact
expression allows us to study the possibility of moduli-matter mixing. For the super-
potential coupling of the above example 
 




























































 )=( + )]. Otherwise, the results derived
above in the diagonal approximation are quite accurate.
The above exact calculation for n
 
= 1 does not allow quantication of possible
matter-matter mixing through eld normalizations. One can repeat the exercise for
n
 
= 2 to study the magnitude of such mixings. The square root of such 33 matrix


















where U is the given matrix, P is the required operation (square root in our case),
and 
r
are the eigenvalues of U . Mathematica can be programmed to calculateK
 1=2
7
This property does not appear to allow the dynamical determination of Yukawa couplings via
the no-scale mechanism, as recently advocated [11, 31].
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matter mixing through the Kahler potential (as in the case of the  term) or through
the superpotential are therefore the realistic possible sources of mixing. For n
 
= 2
the matter-moduli mixing is also highly suppressed O[( +

 )=( +  )]
2
.
6 Possible realistic models
In the previous sections we have explored what consequences would string no-scale
supegravity models have regarding the soft-supersymmetry-breaking terms and the
low-energy Yukawa couplings. However, it remains to be shown that such models
actually exist, i.e., that the rst postulate of string no-scale supergravity is satised.
Here we describe a search for such models, and the properties of any that may be
found.
6.1 The search for models
We have performed a computerized search of free-fermionic string models with the
desired properties. The two cases in Eq. (23) indicate that we should look for models
which eectively possess one set with moduli (a T;U set or a  set) and two sets
with all moduli projected out. This determination should be done after the cubic
superpotential of the model is calculated, since we would discard \moduli" which
have superpotential couplings.
8
Let us consider the kind of truncations of the moduli space which could occur if
moduli have superpotential couplings. If we start o with a  set, all that can happen
is that the modulus eld appears inW , and therefore the set would eectively become
an  set. In the case of a T;U set, if both elds appear inW we have an  set, whereas
if only one appears we have a  set. In the latter case (T;U set !  set) we would
perform the eld redenition in Eq. (14), instead of that in Eq. (13).
With the restriction that we obey Eqs. (23) after moduli present in W are
discarded, we have performed a search for free-fermionic models following the meth-
ods described in Ref. [16]. A free-fermionic model is specied by a basis of n basis
vectors of boundary conditions, plus an n  n matrix of GSO projections (the \k-
matrix"). Our search is based on the reasonable assumption that the basis vectors of
the fermionic model contain ve \standard" vectors which have appeared in all known
8
Note that even if a eld appears in the superpotential, it may still be a at direction if the
elds coupled to it conspire in the appropriate way. In what follows we disregard such exceptional
possibilities.
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. Since we are interested in
models with SU(5)  U(1) observable gauge symmetry, we also assume the presence




) which have been used in the two SU(5)  U(1) string
models in the literature [14, 16]. The eighth and last vector, called , is decisive.
In Ref. [16] this vector was allowed to take all possible values consistent with the
free-fermionic model-building rules. In addition, the k-matrix was varied at random.
This search was specically focused on nding models which allow unication of the
low-energy gauge couplings at the string scale. As such, the model had to contain ve
10's and two 10's of SU(5) (a \5/2 model"), as opposed to the original \revamped"
model which is a \4/1 model". In fact, one such 5/2 model was found, which we will
call the \search" model. The \search" model is in fact an example of a class of 5/2
models, with slightly varying properties.
Our purpose here is somewhat dierent, since the search is more constrained.
We seek either 4/1 or 5/2 models with a single eective T;U or  set (and two eective
 sets). Our search procedure consists of picking representative  vectors and varying
the k-matrix at random.
  = 
search
. In 10,000 k-matrices we nd  6% N = 1 supersymmetric models,
of which 19 are 5/2 models and none are 4/1 models. All these models possess
two T;U sets and one  set, since untwisted (Neveu-Schwarz) states like the
moduli depend only on the choice of basis vectors, and not on the k-matrix. Cal-
culation of the cubic superpotential reveals that the 5/2 models divide into two
\Yukawa sets": 1/3/2 and 2/3/2,
9
with the 2/3/2 case preferred phenomeno-
logically [16]. Moreover, we discover that all models with the 1/3/2 Yukawa
set have their T;U sets broken down to  sets, whereas all the models with
the preferred 2/3/2 Yukawa set have one T;U set broken to an  set and the
other T;U set broken to a  set. Therefore, the 2/3/2 models (like the \search"




















































  = 
revamped
. In 5,000 k-matrices we nd 41 4/1 models and no 5/2 models.
All these models contain one T;U set and two  sets. The 4/1 models come
9
An \m=n=p Yukawa set" includes m potential up-quark like Yukawa couplings, n potential
down-quark like Yukawa couplings, and p potential charged-lepton Yukawa couplings [16].
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with two possible Yukawa sets (1/3/3 and 2/3/3, the latter is preferred), and
in all instances we nd that the  sets are unbroken, whereas the T;U set is



























  = 
3a
. We choose two other  vectors which belong to \class 3a" in the
notation of Ref. [16]. Models with  vectors in this class are expected to be
4/1 models (
revamped
belongs to this class). We obtain the same result as in
Eq. (82).
  = 
price
. Unlike our previous choices for , 
price
(introduced in Ref. [33])
produces both 4/1 and 5/2 models. In this case the three sets are  sets and




















These models are not realistic, but we consider them since we want to establish
a connection between the value of V
0





. We nally allow for changes in the core basis, in addition to
varying . In this case 4/1 and 5/2 models are found, although very unappealing






















The above search for models, although limited in extent, provides support for the
following
Conjecture : 4=1 models always give V
0
6= 0 : (85)
This would imply that a necessary condition for SU(5) U(1) string no-scale super-
gravity models is a 5/2 eld content. This condition is consistent with the string-
theory nature of the model which requires unication at the string scale, which can
be accomplished in a 5/2 model. Moreover, a realistic model which satises the pos-
tulates of string no-scale supergravity already exists, namely the \search" model of
Ref. [16].
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6.2 A realistic example
As we just saw, the \search" model of Ref. [16] is a good candidate for a string no-
scale supergravity model. With the discussion in the previous sections it should be
possible to get an idea of what the spectrum of sparticles may look like. Our remarks
are not denitive since a complete knowledge of the Kahler potential is required, and
we only have a good handle on the untwisted sector contributions to it.
First of all, we note that any model of this kind would be a no-parameter
model. That is, the whole supersymmetric spectrum would be unambigously deter-
mined. Indeed, with the ability to compute all soft-supersymmetry-breaking param-
eters (including ) in terms of m
3=2
, the high-energy theory would be determined up
to the value of m
3=2
. At low energies one new parameter arises, namely tan , but
one also has two radiative electroweak symmetry breaking conditions which therefore
allow one to determine m
3=2
and tan . The no-scale mechanism can then be used
to compute the quantity C in Eq. (7). Thus, if the radiative breaking conditions can
be solved, we would have a complete determination of the sparticle spectrum [34]. In
this exercise the top-quark mass has been given by hand. However, this parameter is
also calculable since the top-quark Yukawa coupling at the string scale is a hallmark
prediction of string models [35].




. Also, the scalar
elds in the set with the moduli receive vanishing scalar masses, whereas those in




scalar masses. Statements about the
values of A, , and B are more model dependent, although perfectly calculable in
specic models, as described in Sec. 4. Concerning the \search" model, we can list
the various relevant observable elds, and the sets they belong to, as follows














































































The moduli are 
0;1;3;5
, of which all but 
1
appear in W. Therefore, the rst set is a 




















particles or intermediate scale particles. Moreover, the light Higgs boson doublets










respectively. These identications entail the following supersymmetry-breaking scalar
masses:











































































An important ingredient in the viability of our candidate model is that the
extra (10,10) matter representations have suitable masses to allow gauge coupling uni-
cation at the string scale. In fact, the Q and D
c
components of these representations
should acquire dierent masses ( 10
12
GeV and  10
6
GeV respectively [36]), but
this is allowed since SU(5)U(1) is broken at the string scale. Morever, the Q mass
scale is determined by an eective superpotential mass term, whereas the D
c
mass
scale is obtained by working out the eigenvalues of the extended Higgs triplet mass
matrix [16]. It is also important to realize that intermediate-scale particles (with su-

















which is very large and destabilizing unless
f
m = 0 [5]. Happily, this is in fact the
case in our candidate model. Indeed, as mentioned above and discussed in detail in
Ref. [16], we expect the Q and D
c








(i.e., in the rst set in Eq. (86)), thus entailing zero scalar masses for the extra
representations.
Given such an explicit model, we should also be able to estimate the value Q,
at least in the approximation that our conjecture for the twisted sector contribution














are the numbers of states in the two  sets (the second
and third sets), n
 
is the number of states in the  set (the rst set), and d
f
is the







= 84, and n
 
= 93, where we count p-dimensional representations of the gauge
group as p. As expected, all three sets contribute comparable numbers of states.





The result is Q  94+84 93 3 90 =  8, which is remarkably close to the desired
zero result (c.f., if all terms were to be added in magnitude, we are o by 2%).
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An
accurate determination of Q will need to wait until a calculation of the twisted sector
contribution to the Kahler function is available. However, our approximate results
are quite encouraging.
To summarize, the above candidate model has several notable properties: (i)










; (ii) the Higgs
masses are split; (iii) the bottom-squark masses are both split from the light squark
masses; (iv) the extra 10,10 representations are dynamically required and likely pos-
sess the desired (supersymmetric) mass spectrum; and (v) the Q value appears to be
tantalizingly close to zero. The low-energy consequences of this scenario (together
with some assumptions for A;;B) will be explored in detail elsewhere [34].
7 Conclusions
In this paper we have explored the postulates of string no-scale supergravity in the
context of free-fermionic string models. These postulates are not trivially satised,
10
In contrast, the second paper in Ref. [3] presents a model with zero vacuum energy where
Q =  272. Also, in the \revamped" model [14], for the value of V
0
closest to zero (it cannot be
exactly zero), we get Q =  99.
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and in fact impose important new restrictions on string model building. In particular
the moduli sector should be rather minimal, and the massless matter spectrum and
gauge group should be correlated in a way such that the parameter Q vanishes. We
have given plausibility arguments indicating that this condition may be possible to
satisfy in specic models. For the untwisted matter elds we have computed explic-
itly the associated supersymmetry breaking parameters, whereas educated guesses
have been given for the twisted sector elds. Models of this kind are in fact \no-
parameter" models, with all needed masses and couplings completely determined.
A search for free-fermionic models which satisfy the minimal necessary conditions
yielded one candidate model with the SU(5)  U(1) observable gauge group, cal-
culated novel supersymmetry breaking parameter space, and several very desirable
properties regarding the stability of the no-scale mechanism. This search also appears
to imply that viable SU(5) U(1) models contain additional matter representations
that allow unication at the string scale.
It is interesting to remark that the models studied in this paper possess a
goldstino composition with signicant admixtures of both \dilaton" and \moduli".
This hybrid scenario borrows desirable features from the two extremes, where either
one or the other dominates the goldstino eld. From the dilaton admixture we get a
tree-level contribution to the gaugino mass, and from the moduli admixture (or more
properly old no-scale) we get the desired universality of scalar masses. Moreover, the
rst and second generation scalar masses do not vanish, a feature which may help
in suppressing avor-changing neutral currents if string one-loop corrections to the
scalar masses destroy this universality [37].
We should also note that the no-scale supergravity realized in free-fermionic
models (SO(2; n)=SO(2)  SO(n)) diers in structure from that in the old no-scale
models (SU(n; 1)=U(1)  SU(n)). The eects of the dierent structures is most
evident in the computation of the vacuum energy and in the computation of the
supersymmetry breaking parameters.
Throughout our discussion we have said little about the supersymmetry break-
ing mechanismwhich creates hW i 6= 0, thus implicitly assuming that its precise nature
would not aect our results. In gaugino condensation models, the non-perturbative
superpotential depends explicity on S and xes its value, but this S-dependence is
likely to also aect the calculation of V
0
. Nonetheless, it may be possible to retain
all the desirable no-scale supergravity properties [6]. In coordinate-dependent com-
pactications we expect our results to hold since W=constant, although here the
question is: what determines S? The no-scale mechanism extended to the S eld
would appear to answer this question. A third possibility to obtain hW i 6= 0 ap-
pears possible in models with an anomalous U
A
(1). In this case various singlet elds
would acquire vacuum expectations values hi =M  1=10 and a cubic term in the




, if the atness conditions can
be simultaneously satised. The crucial question in the phenomenologically viability
of these supersymmetry breaking mechanisms is the whether the calculated value of
m
3=2
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A Field redenitions
As discussed in Sec. 3, the modular properties of the theory are evident in the su-
pergravity basis, while the direct string calculations are in the string basis. Here we
discuss how one goes from one basis to the other, or more specically, how Eqs. (13)
and (14) are obtained from Eq. (12). Our purpose is to identify a transformation
which leaves the Kahler function (G) invariant. In this way all results which fol-
low from it will not depend on the transformation. Some discussion of the relevant
transformation has been given in Ref. [38].
The main observation is that the two forms of the Kahler potential are simply
two dierent parametrizations of the metric for the same coset space: SO(2; n)=SO(2)







1  j  n+ 2, which describe the coset space of dimension 2n (two of the variables











; 1  j  n ; (91)



















< 1 ; (92)




































> 0 : (93)
This parametrization corresponds to that given in Ref. [20] and used in Eq. (12).
In fact, Y () is the argument of the logarithm in the Kahler potential. The second











; 2  k  n+ 1 ; (94)





























> 0 : (95)
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which reproduces Eq. (14) with the identications 
n+1





can rewrite Eq. (96) as follows























































! U . This result reproduces Eq. (13).






































































with the K's in Eq. (12), and the superpotential

































































































=Y (), and thus Eq. (98) shows that e
G
remains invariant when written in terms of the  variables. Note that the transforma-
tion involves the Kahler potential and the superpotential, and that the superpotential
has the same couplings when written in terms of the  variables. It appears unneces-
sary to relate the  to the  variables directly (i.e., eliminating t), although this has
apparently been done in Ref. [38].
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